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(54) Catalyst loading method and apparatus 



(57) The invention concerns a method of loading 
particulate catalytic material into a reactor tube and a 
loading apparatus for use in the method. The method 
comprises providing a loading tube through which cat- 
alyst particles pass in a damped motion. The dampening 
means are provided by mounting a spirally formed body 
on the inner wall of each tube section. The spirally 
formed body is formed from a rod having an arbitrarily 
shaped cross-section and a maximum dimension in any 
direction of the cross-section of 1/25 -1/2 of the diameter 
of the tube section. The spirally formed body in each 
section has a pitch, with respect to the diameter of the 
tube section, in the interval of 2-8. 
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Description 

[0001] The invention concerns a method and an ap- 
paratus for loading particulate material in reactor tubes. 
More particularly, the invention relates to loading of par- 
ticulate, catalytic material in reactor tubes such as tubu- 
lar steam reformers being employed in ammonia, hydro- 
gen and methanol plants. 

[0002] Loading of particulate, catalytic material in tu- 
bular reactors is conventionally performed using the 
sock method. With this method, an elongated, sock-like 
member made of a flexible plastic material is filled with 
catalyst particles, and lowered into the reactor tube with 
the aid of a line to which the sock is attached. On reach- 
ing the bottom of the reactor, the line is jerked, thus 
opening the sock and releasing the particles into the re- 
actor. 

[0003] When using this method, uneven and inhomo- 
geneous loading of the reactor results in voids due to 
particle crushing by premature sock opening or in the 
formation of bridges by the particles. Void formation is 
undesirable because it leads to uneven temperature dis- 
tribution and variations in pressure drop in the reactor. 
The voids can be partially removed by striking or ham- 
mering the sides of the reactor tube, causing the reactor 
walls to vibrate. However, this process is labour-inten- 
sive and time-consuming. 

[0004] US patent No. 5,247,979, which is incorporat- 
ed herein by reference, describes a method for filling 
particulate material into a vertical tube using a line with 
a damper in the form of a series of flexible, damper 
brushes arranged transversely to the line. The line with 
damper brushes is first lowered into the vertical tube, 
and then the particles are poured into the tube. It is stat- 
ed that quick, even and reproducible filling is attained if 
the line is jerked a little during the filling operation, while 
simultaneously being lifted up gradually as the tube is 
filled. 

[0005] This method, however, has several disadvan- 
tages. The falling distance of the particles from the 
brushes to the bottom of the tube is not under control, 
and the particles can also become wedged in-between 
the brushes and the walls of the tube, rendering the ap- 
paratus immobile in the tube. The radial distance of the 
brushes from the line to the walls of the tube has to cor- 
respond to the tube diameter, which means each spe- 
cific tube requires its own line with brushes. 
[0006] The above-mentioned disadvantages and oth- 
ers associated with the various methods are solved by 
the method and apparatus of the invention, as will be 
apparent in the following. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the invention to pro- 
vide a method and an apparatus for filling particulate, 
catalytic material in reactor tubes such as tubular steam 
reformers to ensure a high catalyst density thus mini- 



mising voids and bridging of the catalyst particles. 
[0008] It is also an object of the invention to provide 
a loading apparatus applicable to all common catalyst 
types and sizes resulting in optimal loading densities 
5 with both narrow and wide tube diameters. 

[0009] It is a further object to provide a loading method 
which is highly automated, and therefore reduces the 
possibility of human errors and risk of reloading of reac- 
tor tubes. 

w [0010] Finally, it is an object of the invention to provide 
an apparatus whereby a uniform pressure drop and uni- 
form flow across the reactor tubes of for instance reform- 
ers is obtained, resulting in a reduced tendency to hot 
spot formation and a longer tube life. 

15 [001 1 ] The above objects are achieved by the inven- 
tion, which provides a method of loading particulate cat- 
alytic material into a reactor tube, comprising providing 
a loading tube by connecting a number of tube sections 
having an outer diameter smaller than the inner diame- 

20 ter of the reactor tube, to a final tube length correspond- 
ing to the length of the reactor tube; introducing at the 
top of the loading tube a quantity of the catalyst particles 
to be loaded into the reactor tube, causing the catalyst 
particles to pass through the loading tube in a damped 

25 motion by providing dampening means within the load- 
ing tube; and successively withdrawing the loading tube 
from the reactor tube in a length corresponding to the 
loading height of the catalyst particles loaded into the 
reactor tube, wherein the dampening means are provid- 

30 ed by mounting a spirally formed body on the inner wall 
of each tube section, the spirally formed body being 
formed from a rod having an arbitrarily shaped cross- 
section and a maximum dimension in any direction of 
the cross-section of 1/25 -1/2 of the diameter of the tube 

35 section, the spirally formed body in each section having 
a pitch, with respect to the diameter of the tube section, 
in the interval of 2-8. 

[001 2] The invention further provides a loading appa- 
ratus being useful in the above loading method. 

40 [001 3] The loading apparatus according to the inven- 
tion comprises a loading tube having a tube diameter to 
fit into a reactor tube; a top part of the loading tube being 
adapted to be connected to a funnel unit and a bottom 
part of the loading tube being provided with lifting means 

^5 for withdrawal of the loading tube from the reactor tube; 
the loading tube consisting of separate tube sections 
each provided with connecting means adapted to be as- 
sembled to the loading tube when connected to each 
other; at least one of the tube sections being provided 

50 with dampening means to decelerate the speed of cat- 
alyst particles being passed through the loading tube, 
wherein the dampening means are provided by mount- 
ing a spirally formed body on the inner wall of each tube 
section, the spirally formed body being formed from a 

55 rod having an arbitrarily shaped cross-section and a 
maximum dimension in any direction of the cross-sec- 
tion of 1/25 -1/2 of the diameter of the tube section, the 
spirally formed body in each section having a pitch, with 
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respect to the diameter of the tube section, in the interval 
of 2-8. 

[0014] As disclosed above, the loading apparatus 
consists of a number of tube sections. The tube sections 
can be assembled and inserted in a reactor tube such 
as a tubular reformer to form one long loading tube. In 
a specific embodiment of the invention each of the sec- 
tions is provided with a damper in form of a spirally 
formed body fixed to the inner wall of the tube section. 
[0015] The connecting means used to assemble the 
separate tube sections to the final loading tube are pref- 
erably in form of a sliding member arranged on the outer 
wall of one end of a tube section. The ends of the tube 
sections are typically provided with notches fitting into 
one another in an interlocking manner. 
[001 6] When catalyst particles are loaded through the 
loading tube, the speed of the catalyst particles is re- 
duced as the catalyst descends in a spiral movement 
on the spirally formed body. The helical movement forc- 
es the particles to align along the spiral assuring that 
the particles arrive one by one and not in lumps. At the 
bottom of the loading tube, the catalyst particles have 
the same speed, and fall a short, pre-defined distance. 
The result is uniform dense loading with no bridging, 
voids or broken catalyst particles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 shows an apparatus according to a specific 
embodiment of the invention applied in a set-up 
ready for loading of particulate catalyst material into 
a reactor tube. 

Fig. 2 shows an embodiment of the invention with 
a spirally formed body attached to the internal sur- 
face of the tube. 

Fig. 3 shows examples of designs of the interlocking 
notches. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] With the method according to the invention, the 
risk of crushing of catalyst particles dropped from too 
high a height is eliminated. A skilled loading crew will 
also be able to perform the loading job significantly fast- 
er than with the conventional loading using for example 
the sock method. 

[0019] A high uniform loading density is obtained by 
the method without hammering on the reactor tubes. 
[0020] A uniform pressure drop and thus uniform flow 
across the reactor tubes is also obtained. The result is 
a reduced tendency to hot spot formation and a longer 
tube life. 

[0021] The apparatus of the invention consists of a 
number of equally sized tube sections with a spirally 



formed body fixed on the inner walls. The tube sections 
can be connected and inserted in the reformer tubes to 
form one long loading tube, as apparent from the follow- 
ing description with reference to the drawings. 

5 [0022] In order to control the amount of catalysts en- 
tering the loading-tube, a funnel system 2 (Fig. 1) is at- 
tached. System 2 is electrically vibrated by a vibrator. 
Catalyst particles being loaded into funnel 2 are contin- 
uously introduced into top tube 1 2 via funnel outlet 6 and 

10 gliding tube 8 mounted. Funnel system 2, when ready 
for loading is arranged on top of tube 12, such that glid- 
ing tube 8 fits into top tube 12 by sliding the system on 
sliding bar 10. 

[0023] The funnel system ensures the same high 
*5 loading speed at all times during the loading operation. 
[0024] The loading tube according to the invention is 
assembled by a number of tube sections 24 (Fig. 2). 
Each section is in a specific embodiment of the invention 
provided with a spirally formed body 26 as damper ar- 
ranged on the inner wall of the tube section 24. 
[0025] Tube sections 24 are assembled by connect- 
ing a number of sections to a final required length of the 
tube. The ends of the tube sections 24 are shaped in 
such a way that the end of one tube section fits into the 
following tube section like the components of a jig-saw 
puzzle, forming interlocking notches 28 (a) and (b). 
When connected in this manner, where the tube sec- 
tions have coinciding tube axes : the tube sections will 
be locked in both axial and rotational directions relative 
to each other. 

[0026] The interlocking notches 28 can have various 
designs as exemplified in Fig. 3. 
[0027] To secure the coinciding tube axes, an outer 
encircling sliding member 30 with an inner diameter 
slightly larger than the outer diameter of the tube sec- 
tion, is placed in the area of the connection. The sliding 
member 30 can be formed as a thin-walled tube occu- 
pying minimum space outside the tube section 24 and 
no space inside the tube section. The connecting means 
are therefore very compact. 

[0028] The damping means in the loading tube are 
provided by mounting a spirally formed body 26 on the 
inner wall of each tube section 24. The spirally formed 
body 26 is formed as a rod having an arbitrary cross 
section. The rod is in contact with the inner surface of 
each tube section 24 and it is formed as a spiral, making 
one full turn over a tube length equal to 2-8 times the 
tube section diameter. The pitch is consequently 2-8. 
[0029] The rod has a maximum dimension in any di- 
rection of its cross-section of 1/25 -1/2 of the diameter 
of the tube section. 

[0030] The rod can, for example, be of metal or plas- 
tic. However other materials that can be shaped as a 
spiral can be used. 

[0031] When the catalyst is loaded through the load- 
ing tube, the speed of the catalyst particles will be re- 
duced, as the catalyst will pass down through the load- 
ing tube on the spirally formed body. Furthermore, the 
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vibrated funnel, the flow restriction on the funnel and the 
spirally formed body itself will ensure that the particles 
arrive singly and not in hobs to the bottom of the reactor. 
[0032] The particles enter the loading tube with a hor- 
izontal velocity component. This prevents the particles 
from falling freely in the loading tube. If by chance the 
particles enter in lumps : the particles that do not initially 
fall on the spirally formed body contact the sides of the 
tube section until they finally fall on the spirally formed 
body and continue in a spiral movement. The loading 
tube of the invention thus ensures a constant, non-de- 
structive, braking effect on the particles. 
[0033] At the bottom of the loading tube, the catalyst 
particles will thereby all have the same speed and one 
by one fall a short, pre-defined distance. The result is 
uniform dense loading with no destruction of the catalyst 
particles. 

[0034] The measured amount of particulate material 
to be loaded corresponds to a specific volume, which is 
proportional to the sectional area of, for instance, the 
tubular reformer multiplied by the height of the loading 
tube. This calculation allows for additional control of the 
loading process. 

Claims 

1 . Method of loading particulate catalytic material into 
a reactor tube comprising 

providing a loading tube by connecting a 
number of tube sections having an outer diam- 
eter smaller than the inner diameter of the re- 
actor tube, to a final tube length corresponding 
to the length of the reactor tube; 

introducing at the top of the loading tube a 
quantity of the catalyst particles to be loaded 
into the reactor tube, causing the catalyst par- 
ticles to pass through the loading tube in a 
damped motion by providing dampening 
means within the loading tube; and 

successively withdrawing the loading tube from 
the reactor tube in a length corresponding to 
the loading height of the catalyst particles load- 
ed into the reactor tube, 

wherein the dampening means are provided by 
mounting a spirally formed body on the inner 
wall of each tube section, the spirally formed 
body being formed from a rod having an arbi- 
trarily shaped cross-section and a maximum di- 
mension in any direction of the cross-section of 
1/25 -1/2 of the diameter of the tube section, 

the spirally formed body in each section having 
a pitch, with respect to the diameter of the tube 



section, in the interval of 2-8. 

2. A loading apparatus for use in a loading method ac- 
cording to claim 1 comprising 

5 

a loading tube having a tube diameter to fit into 
a reactor tube; 

a top part of the loading tube being adapted to 
10 be connected to a funnel unit and a bottom part 

of the loading tube being provided with lifting 
means for withdrawal of the loading tube from 
the reactor tube: 

15 the loading tube consisting of separate tube 

sections each provided with connecting means 
adapted to be assembled to the loading tube 
when connected to each other; 

20 at least one of the tube sections being provided 

with dampening means to decelerate the speed 
of catalyst particles being passed through the 
loading tube, 

25 wherein the dampening means are provided by 

mounting a spirally formed body on the inner 
wall of each tube section, the spirally formed 
body being formed from a rod having an arbi- 
trarily shaped cross-section and a maximum di- 

30 mension in any direction of the cross-section of 

1/25 -1/2 of the diameter of the tube section, 

the spirally formed body in each section having 
a pitch, with respect to the diameter of the tube 
35 section, in the interval of 2-8. 

3. Loading apparatus according to claim 2, wherein 
the means for connecting the tube sections com- 
prises interlocking notches at the ends of the tube 

40 sections encircled by an outer sliding member. 

4. Loading apparatus according to claims 2 and 3, 
wherein the cross-sectional area of the spirally 
formed body is rectangular, circular or square. 

45 

5. Loading apparatus according to claims 2-4 wherein 
the funnel unit is mechanised with the aid of a vi- 
brator. 

50 
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